This paper highlights the review of scientific literature published in the year 2018 on issues related to health risks associated with human and the general environment on the reuse of wastewater, treatment as well as disposal. The literature review on the above issues divided into number of sections, and these sections include management of wastewater, wastewater reuse with focus on microbial hazards, and chemical hazards. Further, the review also provides some recent research related to wastewater treatment plants, disposal of wastewater, sludge, and biosolids management. © 2019
Wastewater Management
studied management of domestic wastewater in Greece and estimated greenhouse gas emissions from wastewater treatment plants with the help of a steady state comprehensive model. Results of this study highlighted average daily production of wastewater was 210 liters per capita, and total amount of greenhouse gas emitted from treatment plants was 892,454 tCO 2e per year. Authors suggested that Greece have to ensure the efficient operation of smaller treatment plants and integrate reduction of greenhouse gas emissions while promoting wastewater reuse. Ye et al. (2018) presented comprehensive review related to the recovery of ammonium in the process of wastewater treatment. The recovery of ammonium applied in the wastewater treatment has the potential to harvest and be useful in other applications. Authors highlighted in the articles on technologies and their ammonium recovery mechanisms. In addition, review also provided the economic feasibility of such processes and suggested possible future directions for ammonium recovery from wastewater treatment.
The cost of cluster-type decentralized wastewater management (DWWM) simulated and compared to the cost of centralized wastewater management (CWWM) with a case study in India by Jung, Narayanan, and Cheng (2018) . Authors used threestep model built to simulate broad range of potential DWWM configurations with varying number and layout of cluster subsystems. The results showed that clustertype DWWM using simplified sewer and decentralized wastewater treatment systems may be a cost-competitive as well as alternative to CWWM considering the lower cost involved in the configuration. method has the potential to contribute for future eco-toxicological and environmental risk assessments. Authors believe that this method can aid the development of policies and regulation related to management of PPCP compounds. Turan et al. (2018) evaluated the effects of chitosan (CH) and biochar (BC) on growth of brinjal using the wastewater irrigation. The nutritional quality of brinjal plant together with immobilization of heavy metals in a soil resulted accumulation from low to high. Further, the study indicated that BC 0.75 + CH 0.75% treatment could reduce mobility and bioavailability of heavy metals. In addition, the application of CH and BC also facilitated the growth of plant by improving the antioxidant system.
Heavy metals
In Marrakech region of Morocco, Chaoua, Boussaa, Gharmali, and Boumezzough (2018) studied highly toxic metals such as zinc (Zn), copper (Cu), lead (Pb), and cadmium (Cd) in water, agricultural soils and crops. The aim was to determine their possible risk to human health. Results showed that high-risk indexes of heavy metals indicated for food crops thereby concern to public health in the area. Authors suggested that wastewater in area needs to be treated properly before using it for agriculture.
Chen, Lu, Yan, Wang, and Xin (2018) studied water samples collected along the Taizihe River in China. This river was receiving wastewater from the neighboring industrial activities. Heavy metals in samples were examined to link possible health risk using the principal component analyses. Results found that Cd and Cr were the main health risk pollutants in Taizihe River. Overall, average concentration of heavy metals followed the order Pb > Cr > Cu > Zn and Cd. Authors suggested to adapt suitable measures to control wastewater entering into the river system. Cao et al. (2018) studied heavy metals in the acid-soluble reducible, oxidizable, and residual fractions of soils. Samples were collected from greenhouses and agricultural fields in Baiyin City. These greenhouses and agricultural fields were using treated industrial and municipal wastewater for growing crops. Analysis showed that greenhouse soils had higher concentrations of metals in bioaccessible fractions compared with field soils. Further, in comparison with treated municipal wastewater the wastewater irrigated from industrial source showed higher concentrations of heavy metals. Liu et al. (2018) studied the impact of wastewater effluent (WE) containing aged nanoparticles (NPs) used in the agriculture. Authors used soil micro-ecosystem including a microbiome, 4 Arabidopsis thaliana plants, and 3 Eisenia fetida earthworms for a duration of three months. Results showed higher concentrations of extractable titanium (Ti) and Zn in WE-irrigated soil than those in deionized water-irrigated soil. Further, the extractable silver (Ag) concentrations did not differ significantly between the WE and soil irrigated with deionized water. Vakili et al. (2018) studied synthesis, characterization, and photodegradation of synthetic wastewater by immobilized ANNUAL LITERATURE REVIEW cerium-doped ZnO nanoparticles. Experiments conducted by examining the parameters of doping percentage, pH, nanoparticle density, initial density of the wastewater sample, and the exposure time to ultraviolet light. The results showed higher efficiency under the acidic condition and immobilized ceriumdoped zinc oxide nanoparticles showed excellent crystallinity and were well dispersed. Deng, Bonilla, Ren, and Zhang (2018) assessed the health risk of wastewater collected from different wastewater treatment plants in China. The results of chemical analysis showed about 40 semivolatile organic compounds (SVOCs) and six N-nitrosamines (NAs) persisted in the treated wastewater. Further, risk to health assessment shown SVOCs in effluents effect was negligible and noncarcinogenic risk to workers and local residents. Authors suggested the need for the advanced treatment technologies in the treatment plants to complete removal of SVOCs. Kumar and Pal (2018) presented a review of wastewater impact on ecosystem health. The review focused on emergence of antibiotic resistance in wastewater, wastewater treatment, and challenges. Effluents from wastewater treatment carry significant environmental antibiotic resistance into reservoirs. Based on the current technologies used for the treatment, authors concluded that improvements needed to remove antibiotic-resistant bacteria in addition to the removal of solids and nutrients. Han et al. (2018) investigated properties of bioaerosols from sludge dewatering house (SDHs) of nine municipal wastewater treatment plants. Results of this study highlighted that the mechanical motion of belts of dewatering devices promoted bioaerosols generated from the mixed liquor. Further, bacterial population showed that bioaerosols from SDHs had noticeable regional disparity. Authors suggested giving attention for controlling emission source of bioaerosols in the indoor environment of treatment plants. Chai et al. (2018) evaluated the effect of disinfection processes on the genotoxicity removal in wastewater effluents. Study collected effluents from four wastewater reclamation plants and treated with chlorine, ozone, and chlorine dioxide before applying disinfection process. Results showed that the genotoxicity increased after application of medium-pressure ultraviolet but declined when adopting other disinfection processes. Further, study concluded that the influence of differential disinfection process varied on iodinated wastewater.
Nanoparticles

Other chemicals
Genotoxicity and cytotoxicity
A study by Dong, Massalha, Plewa, and Nguyen (2018) evaluated the toxicity impact of cumulative disinfectant concentration over time (Ct) values. In addition, authors used different methods to achieve identical Ct values by ozonation and chlorination of wastewaters from four agricultural sources on the cells of mammals. Based on the experiment results, two sources of wastewater for ozonation and chlorination higher Ct values enhanced cytotoxicity. The study suggested using lower disinfectant doses to tackle the increase in cytotoxicity. Du et al. (2018) investigated the effects of solar irradiation in wastewater during the postchlorination. Effects considered were cytotoxicity formation potential (CtFP) and total organic halogen formation potential (TOXFP). Results of this study highlighted solar irradiation decreased the risks of treated wastewater for unplanned indirect potable reuse and provided a strategy of controlling CtFP and TOXFP.
For the treatment of effluents containing cytotoxic compounds, Habibzadeh, Chaibakhsh, and Naeemi (2018) evaluated the efficiency of microalgae through bioremediation. Biosorption of the anticancer drug such as flutamide was used on living and dead biomass of Chlorella vulgaris. Results showed that living microalga performed better in the drug removal considering the amount of biomass, pH, and time of adsorption. Overall, this study showed use of microalga could be a promising technology for the removal of cytotoxic compounds in the wastewater treatment. Diaz et al. (2018) studied the ecotoxicity of wastewater treatment. The ecotoxicity and inhibition of 12 imidazolium ionic liquids (ILs) with alkyl chain have been considered by means of respiration inhibition assays using activated sludge. The results of the biological tests showed that the alkyl chain length plays a crucial role in the ecotoxicity of ILs. In addition, the study showed the increase in the toxicity with the length of the n-alkyl chain.
Ecotoxicity
Pantazopoulou and Zouboulis (2018) examined the stabilization of tannery sludge produced during the physicochemical treatment of tannery wastewaters with the addition of ladle furnace slag for ecotoxicity. Results showed that chromium and dissolved organic carbon in the leachate of raw tannery sludge were found to exceed the standards of European Union for disposal into nonhazardous and hazardous waste landfills. Further, stabilized leachate showed reduced ecotoxicity in comparison with the toxicity effect of the untreated leachate. Oliveira et al. (2018) used an ecotoxicity battery testing to assess the acute toxicity and genotoxicity of the textile dyes and Reactive Blue 15 on different trophic levels. The exposure of Eisenia foetida did not show phytotoxicity or significant effects on the survival observed to both textile dyes. Therefore, authors concluded that a test battery approach of bioassays representing multiple trophic levels was valuable to identify the toxicity of dyes from the textile industry. Russo et al. (2018) investigated the acute and chronic ecotoxicity of cyclophosphamide (CP) and ifosfamide (IF) commonly found in wastewater produced by the hospitals. Experiments conducted using the green alga Pseudokirchneriella subcapitata, the rotifer Brachionus calyciflorus, and the crustaceans Thamnocephalus platyurus and Ceriodaphnia dubia. Results showed that IF as more toxic drug and effects in the aquatic organisms might be attributable to interactions between the parent compounds and their metabolites.
Microbial Hazards
Bacteria
In a case study of China, Xu, Han, Li, and Liu (2018) presented characterization of airborne bacteria in a municipal ANNUAL LITERATURE REVIEW wastewater treatment plant. Two sampling sites considered in each of indoor and outdoor environment of the treatment plant. Results indicated in comparison with the outdoor aeration tank site, the concentrations of culturable airborne bacteria in the indoor were more than ten times higher and the particle size was about twice as large. Authors suggested that there should be protective measures in the indoor to protect health from airborne bacteria. Korzeniewska and Harnisz (2018) conducted study to determine the impact of various modification of sewage treatments on the amount of antibiotic-resistant bacteria and antibiotic-resistant genes in sewage from treatment plants with the technology of activated sludge. Results indicated that there were no significant differences in antibiotic-resistant bacteria and antibiotic-resistant genes regardless of time of sampling and type of treatment. However, higher amount of reduction in these elements observed in WWTPs with mechanical-biological system with elevated removal of nutrients. Zhang et al. (2018) quantified airborne antibiotic resistance in a treatment plant used for treating antibiotics through collection of bioaerosol samples. Results of the study showed that 50% of airborne bacteria isolated from the pharmaceutical WWTP were resistant to three or more antibiotics. Overall, authors found that bioaerosols in WWTP treating cephalosporin-producing wastewater attributed possible health risk for the staff and residents in the area. Le, Ng, Tran, Chen, and Gin (2018) presented a data on the occurrences of 19 antibiotics, bacteria resistant to 10 antibiotics and 15 antibiotic-resistant genes (ARGs) in raw influent treatment stages using conventional activated sludge (CAS) and MBR systems. Results showed that concentration levels of antibiotics measured in the secondary effluent were low in concentration compared to raw influent. This study concluded that MBR treatment outperformed CAS in the elimination of ARGs and most target antibiotics.
Antibiotic-resistant bacteria
Jimenez-Tototzintle, Ferreira, Duque, Barrocas, and Saggioro (2018) have conducted a study to demonstrate evidence of the existence of mercury-resistant bacteria and antibiotic in the aquatic environment. This study used the application of heterogeneous photocatalysis, which were evaluated for the simultaneous elimination of a mixture of contaminants of antibiotics. Results showed that Pseudomonas aeruginosa strain was accumulated UV energy and bacillus subtilis strain showed resistance with a capacity to develop mechanisms to avoid the oxidation process. Farhadkhani et al. (2018) assessed the impact of irrigation with secondary treated wastewater on soil properties and evaluated the safety of various types of crops grown in comparison with tap water irrigation. Results showed the microbial quality of wastewater in terms of Escherichia coli concentration failed to meet the WHO standard for irrigation of root and leafy crops. However, no microbial contamination in terms of E. coli was found on harvested maize and onion. Authors concluded that secondary treated wastewater could be safely used as an alternative source for growing root and leafy crops. Ohrdes et al. (2018) presented a system, which uses the digital control in the operation of ultrasonic devices and its application for inactivating E. coli in wastewater. The electric data obtained in the sonochemical process to inactivate E. coli were accounted to analyze the efficacy of the wastewater treatment and the reaction of the vibration system to the process. Results of this study showed that the digital system has the capability of using different driving modes in water treatment.
Parasites
Viruses
Samples of pre-ultraviolet (UV) and post-UV collected over a two-year period from two wastewater treatment plants (WWTPs) by Qiu et al. (2018) . The collected samples analyzed for noroviruses, rotavirus, reovirus, sapovirus, astrovirus, enteroviruses, and adenoviruses. Results showed that both pre-UV and post-UV samples had relatively high concentrations of above mentioned viruses determined by qPCR. Authors highlighted that quantification of infectious reovirus could provide a useful index of enteric virus inactivation during wastewater treatment at full scale.
Schoen, Jahne, and Garland (2018) assessed the possibility of infection resulting from nonpotable exposures to distributed graywater and domestic wastewater. These waters treated by an aerobic membrane bioreactor (MBR), which followed the treatment of chlorination. Microbial risk assessment used norovirus, rotavirus, Campylobacter jejuni, and cryptosporidium as reference pathogens. The results of the study indicated that MBR technology would potentially reduce health risks for nonpotable reuse of wastewater.
Dunkin, Weng, Coulter, Jacangelo, and Schwab (2018) examined the causes for differences in human norovirus (hNoV) resistance to free chlorine and assessed hNoV GI and GII persistence during disinfection of municipal WW effluent. Results of this study showed that choice of hNoV purification technique prior to seeding the viruses in water matrix would play an important role in disinfection outcomes. Study concluded that WW treatment plant using disinfection for free chlorine are good in terms of protecting public health from contamination by viruses. Shi, Wang, and Jiang (2018) conducted quantitative microbial risk assessment (QMRA) to estimate the public health risks for two cases of using graywater. This study considered two scenarios mainly toilet flushing and food-crop irrigation. Household graywater from three sources analyzed for the quality calculated with mathematical exposure based on human behavior using Monte Carlo simulation. Results of the study showed that graywater from all three household sources could be safely used after the treatment of water with a microfiltration.
Quantitative microbial risk assessment
Hamouda, Jin, Xu, and Chen (2018) presented a review on experiences in implementing QMRA in small wastewater systems (SWSs) to elaborate the sources of risks and the challenges ANNUAL LITERATURE REVIEW facing SWSs in developed countries. This review highlights various ways through which SWSs can overcome the identified challenges in implementing QMRA. Finally, the review developed and formulated a framework for implementing QMRA for small water treatment systems and discussed. Ahmed et al. (2018) evaluated five sewage-associated quantitative PCR (qPCR) MST markers methanobrevibacter smithii nifH (nifH), human adenovirus, human polyomavirus, and pepper mild mottle virus. The objective was to determine concentration rates of health risk from exposure to partially treated sewage in beach water. Results of this study showed that sewage markers at several dilutions exceeded the risk benchmark for reference pathogens. Authors concluded that results help to evaluate human health risks associated with partially treated sewage.
Blokker, Smeets, and Medema (2018) developed a QMRA model to assess the infection risk due to fecal contamination events after repairs of drinking water supplying main pipelines. Analysis of sensitivity showed that the contamination concentration was important parameter for the ingested dose. Further, results showed the choice of dose response highly affected the infection risk. In addition, modeled probability for contamination detection was around 25%. The estimated contamination was moved in water distribution and ultimately end in household taps and showers.
Wastewater Reuse
Agricultural reuse
Two tertiary treatment options for reclaimed water (RW) to use in agriculture examined in Italy by Licciardello et al. (2018) . The first one was to use extensive tertiary treatment system (ETTs), and the second option was hybrid tertiary treatment system. Economic analysis of these two systems showed that total costs of RW were almost same. In conclusion, given the other benefits of technology, authors suggested that ETTS was a good option given other benefits to treat RW for vegetable crops in developing countries.
Saliba, Callieris, D' Agostino, Roma, and Scardigno (2018) presented survey results in order to promote treated wastewater reuse in a Mediterranean region. Authors collected the opinions of key stakeholders and analyzed their attitudes and willingness toward the reuse of treated wastewater. Results of the survey showed high level of acceptance of wastewater reuse among farmers and consumers in the Apulian area of Italy. However, there was a negative attitude of some stakeholders toward wastewater reuse from the viewpoint of health risks. Falizi et al. (2018) studied a water quality evaluation of MBR treated wastewater for its reuse in irrigation. Results showed that MBR effluent was not found as appropriate water for irrigation because of its high content of salinity. However, the values of SAR-EC showed the addition of reverse osmosis (RO) to MBR effluent was suitable for irrigation. It was concluded addition of such treatment by RO reduced the harmful effects salinity. Intriago et al. (2018) conducted a study employing DESERT-prototype technology that combines filtration and solar-based renewable energy to reclaim treated water for the purpose of agriculture. Treated water used to cultivate baby romaine lettuces in a greenhouse through drip and sprinkler irrigation. Results showed that the DESERT-prototype is an appropriate technology for safe water reclamation for production of agricultural crops. Further, this technology could be a benefit for irrigation and achieving safety use. Wang et al. (2018) conducted analysis on the occurrence and removal of micropollutants during municipal wastewater treatment. Results showed that majority of the total concentrations of the micropollutants removed during secondary treatments. In addition, advanced treatments showed micropollutant removal rates dependent on treatment technology opted. Authors concluded that presence of micropollutants in secondary effluent needed further treatments in order to reuse. Ma et al. (2018) analyzed water samples collected from the reclamation and ecological reuse system. The system treating domestic wastewater with an anaerobic-anoxic-oxic (A2O) and MBR unit used in replenishing landscape. Results showed the use of A2O-MBR process helped removal of pesticides and phenols compared to without this treatment. Further, the reclaimed water used for landscape of lake indicated removal of PPCPs. The study concluded that use of ecological unit into the water reclamation system could be an effective measure for health risk reduction posed by micropollutants. Mehdi, Dickson, Bragg, Servos, and Craig (2018) assessed the effects of effluents of municipal wastewater treatment plant on the energetics and stress response of rainbow darter. Samples of male and female rainbow darter were collected from upstream and downstream of the Waterloo WWTP in Canada. Results of this study demonstrated that sex differences were key determinants of various metabolic changes in response to physiological stress, thereby providing a novel avenue to be considered and further explored.
Miscellaneous
Wastewater treatment plants
A study conducted to provide inputs for improving the local wastewater management, Murashko et al. (2018) , examined wastewater management in treatment plants of Finnish community. Authors considered two different technological setups for improving the wastewater treatment plant. Study indicated that the profitability of a WWTP integrated with a combined heat and power (CHP) plant can be reasonably high in wide range of likely price scenarios for alternative wastewater purification systems and improve the efficiency of solid waste and wastewater management. Sice et al. (2018) investigated the occurrence of radium in streams of sediments at centralized waste treatment facilities (CWTs) of Pennsylvania in United States of America. These plants used to treat conventional and unconventional oil and gas wastewater. Despite having strict environmental discharge regulations, the study found higher concentration of radium in the downstream of CWTs more abundant and available for dissolution and desorption than radium in upstream sediments.
Wastewater disposal
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Buonocore, Mellino, Angelis, Liu, and Ulgiati (2018) applied life cycle assessment (LCA) to compare the environmental performance of different scenarios for wastewater and sludge disposal in Southern Italy. Scenario results showed that most impacted categories were freshwater eutrophication potential (FEP) and human toxicity potential (HTP) and it was lowered by almost 53%. In addition, authors discussed other options that could be explored in future studies to evaluate if and to what extent they could help to support the performance of the WWT plant. Pablos et al. (2018) conducted a study to assess the acute, sublethal, and chronic effects of reclaimed water. This study used two aquatic organisms the green alga C. vulgaris and the microcrustacean Daphnia magna for the assessment. Results of reproduction test showed no differences in the concentrations between the different tertiary WWTP treatments. Further, sublethal and chronic effects observed could not be explained by the lower concentrations found in the chemical characterization. Rezania et al. (2018) presented a comprehensive review on the occurrence and distribution of microplastic (MPs) pollution. This review covers environments of both marine and freshwater including rivers, lakes and WWTPs. The final section of review proposes the development of new techniques for sampling MPs in aquatic environments and biota. Authors suggested that there should be more research on understanding of MPs particularly released by WWTPs since there was a gap in the scientific database.
Impacts of recreational waters and aquatic organisms
Occurrence of PPCPs in macroalgae, barnacle, and fish samples from contaminated coastal waters of the Saudi Red Sea reported by Ali et al. (2018) . Results of analysis showed the presence of atenolol, ranitidine, chlorpheniramine, and atrazine in macroalgae. In addition, caffeine, methylparaben and carbamazepine were present at maximum concentrations. Authors concluded that occurrence of PPCPs in macroalgae and barnacles indicated pollution from the wastewater. Pham and Utsumi (2018) provided a review summary on the current state of knowledge regarding toxic cyanobacteria and microcystins (MCs). The review focused on the distribution of MCs in different components of aquatic ecosystems. Review showed that MCs have been contaminating all areas of the aquatic ecosystems particularly the water column found to be most affected. The review concluded that use of water contaminated with MCs might get into food chain and ultimately pose possible health risks. Yavuz and Ögütveren (2018) investigated electrocoagulation (EC) treatment for industrial estate wastewater collected from the inlet of wastewater treatment plant using sacrificial iron electrodes. Authors used hydrogen peroxide in different concentrations to observe its effects on chemical oxygen demand removal efficiency and the energy consumption. Given the complex nature of industrial wastewater, study concluded that EC treatment with sacrificial iron anodes was effective and be applicable for the treatment of wastewater. Brahmi et al. (2018) investigated the industrial mining wastewater for parameters of efficiency using ballasted electro-flocculation (BEF) technology with aluminum electrodes to remove cadmium and zinc. Results showed that the flow rate and the density had preponderant effect on the variability of the quality of the settled water. This study concluded that BEF process technology was cost-effective in the treatment of wastewater compared to Actiflo TM and electrocoagulation technologies.
Industrial wastewater
Alcalá-Delgado et al. (2018) studied wastewater effluents from factories located at an industrial park in Toluca State of Mexico. Authors used galvanic (GT), galvanic Fenton (GF), and hydrogen peroxide treatments to remove organic matter in the wastewater. Among all treatments, fluorescence spectroscopy showed that GF eliminated the anthropogenic organic matter associated with aromatic groups and proteins. Further, the treatment enhanced effluent biodegradability and did not increase toxicity and sublethal effects observed for lettuce radicles. Xiang et al. (2018) studied the occurrence and fate of selected psychiatric pharmaceuticals from three psychiatric hospital effluent in Shanghai, China. Authors examined the effect of hospital effluent impact on surface water, groundwater, soil and plant. Results showed that lorazepam, carbamazepine, and diazepam had higher concentrations in surface water and lorazepam was higher in groundwater. However, risk assessment indicated low to aquatic organisms but regular discharge of such effluent might be a problem to the environment. Olalla, Negreira, Alda, and Valcárcel (2018) analyzed the presence of 17 cytostatic agents in Eastern Spain from seven different medium sized hospital effluents. Analysis was conducted considering their mechanisms of action in the effluent. Results showed the presence of seven of the 17 compounds in a range of 25 and 4,761 ng/L. The highest concentrations were for ifosfamide, methotrexate, and cyclophosphamide. A combined risk analysis indicated high potential of harming the environment. Ajo et al. (2018) presented a study on removal of wide range of pharmaceuticals from real hospital wastewaters using a gas-phase pulsed corona discharge oxidation. In the removal process, the nonselective oxidation of the observed pharmaceuticals was effective in the reduction of pharmaceuticals from raw sewage. Good removal was attained with 1 kWh/m 3 from the raw sewage for biologically treated wastewater. Authors concluded that proposed treatment could reduce the pollution risk for aquatic life.
Hospital effluent
Tulashie, Kotoka, Kholi, Aggor-Woananu, and Tetteh (2018) conducted a study to treat Kete-Krachi District Hospital effluent using packed granular (GAC) and smooth activated carbon (SAC) treatment systems. The results of this study showed that the SAC treatment was effective for reducing the pollutant concentrations of the hospital effluent. Authors suggested that this treatment could help to treat the effluent effectively and control depletion of oxygen, eutrophication, algal bloom, and ecosystem disturbance in the area. Magee et al. (2018) examined infrequently monitored antibiotics in biosolids of archived American sewage sludges collected as a part of the National survey by the Environmental Protection Agency of USA. Analysis indicated six antibiotics were present with average concentrations (ng/g dry weight) of amoxicillin (1.0), nalidixic acid (19.1), oxolinic acid (2.7), erythromycin (0.6), oxytetracycline (4.5), and ampicillin (14.8). Overall, this study provided a new data on the loss of 5 antibiotics during long-term frozen storage. Clarke, Healy, Fenton, and Cummins (2018) developed a model to estimate quantitative risk assessment on the fate and translocation of triclosan (TCS) and triclocarban (TCC) into the grass and food chain with subsequent human exposure. The model's results indicated that TCS and TCC had low potential to transfer into milk and beef following the ingestion of contaminated grass by dairy cows. Authors concluded this model provide valuable information to ascertain the potential transfer of contaminants in the environment and addressing human food chain of studied elements.
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Sludge and biosolids
Mordechay, Tarchitzky, Chen, Shenker, and Chefetz (2018) studied the effect of a biosolids and TWW on plant tomato, wheat and lettuce uptake along with translocation and metabolism of carbamazepine as a model for nonionic PPCPs. Results showed that soils amended with biosolids and irrigated with TWW, the carbamazepine bioavailability was reduced in comparison with plants grown in soils irrigated with TWW alone. Further, plant metabolism of carbamazepine was found to be independent of other environmental factors.
Justina, Alves, and Skoronski (2018) evaluated the impact of soil amendment with tannin coagulated dairy industry sludge on fertility chemical attributes and the release of selected pollutants. Authors conducted this study using soil column leaching test and soil incubation experiments with the application of different doses. Results showed that effects on parameters were more perceptible for thermally dried sludge due to lime addition in the drying process. Treatment of soil with amendment had no effect on organic matter. Authors concluded that the application of the studied residues in agriculture was a feasible option to treat biosolids.
Future of the Topic
Wastewater treatment and reuse known for a long time and the improvement in the treatment has been developed over the years. Rescue of untreated and treated wastewater in urban areas and other wastewater used for number of purposes. Especially, diverting human waste outside of urban areas gained more importance to make best use of it. Over the years, efforts have helped and provided an opportunity on understanding of processes; technologies related to treatment and development of international as well as national standards to control pollution around the world. Such activities provide a way for controlling pollution and to minimize health effects. By considering the importance from the point of health and economic values, treatment of wastewater and its reuse research would continue in the future as well. The future review will focus on management in terms of policy and regulations, microbial hazards, chemical hazards, wastewater reuse, wastewater treatment plants, wastewater disposal, sludge, and biosolids.
